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Abstract— Previous studies reported that growing soybean in a dry season following conventional 
(flooded) rice resulted in lower grain yield compared with following rice cultivated using SRI (system of 
rice intensification) technique unless it was fertilized with mycorrhiza biofertilizer. This study aimed to 
examine residual effects of different rice cultivation techniques and organic waste application to the 
preceding red rice crops on growth and yield components of soybean direct-seeded without tillage 
following harvest of the preceding rice crop. The experiment on the red rice was arranged according to 
Split Plot design with three blocks and two treatment factors applied the rice crop, namely rice cultivation 
techniques as the main plots (T1= conventional, T2= aerobic rice on permanent raised-beds (ARR) without 
intercropping, T3= ARR + peanut, T4= ARR + peanut + rice straw mulch) and organic wastes applied to 
the red rice as the subplots (LO= without organic waste, L1= with rice husks, L2= with rice husk ash, L3= 
with rice husk ash and cattle manure). Results indicated that growth and yield variables of soybean direct- 
seeded following the red rice crop that showed significant residual effects of both treatment factors applied 
to the preceding red rice crop were leaf number at 8 weeks after planting, harvest index, grain number and 
grain yield per clump. Grain yield was highest (18.43 g/clump or 3.69 ton/ha) on soybean plants direct- 
seeded following aerobic rice grown on permanent raised-bed intercropped with peanut thin covered with 
rice straw mulch (T4) and amended with rice husk ash and cattle manure (L3), and lowest (8.54 g/clump or 
1.71 ton/ha) on soybean plants direct-seeded following conventional rice (T1) without application of 
organic wastes (LO). 
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I. INTRODUCTION 


minerals, and soybean is easy to grow in various parts of 


Soybean [Glycine max (L) Merr.] seed is a major 
source of protein, oil, carbohydrates, isoflavones, and 
minerals for human and animal nutrition. Worldwide, 
about one-third of the world’s edible oils and two-thirds of 
protein meal are derived from soybean seed (Bellaloui et 
al., 2011). In Indonesia, soybean is one of the food crops 
that are needed by the population, which is the third most 
important food crop after rice and maize. It is because 
soybean is a cheap source of protein, fat, vitamins and 
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Indonesia. The need for soybeans continues to increase in 
line with the increasing demand for animal feed and 
processed food using soybean as the material such as tofu, 
“tempe”, soy sauce, soy milk, “tauco” and soy snacks 
(Suryana, 2008). 


In addition, consumption of soybeans by the 
Indonesian people will continue to increase every year due 
to several factors such as increasing population, per capita 
income, and awareness of the community on food nutrition 
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(Aldillah, 2015). The domestic production of soybean has 
not been able to meet the increasing domestic demand for 
soybeans, so that Indonesia continues to import soybeans 
(Aimon and Satrianto, 2014; Aldillah, 2015). 


In Indonesia, soybeans are generally grown in 
irrigated or rainfed rice fields in the dry season after rice 
harvest, without soil tillage. In addition, farmers generally 
do not apply any fertilizer to the soybean plants, so that 
soybean productivity that can be achieved by farmers is 
generally still low (Subandi et al., 2013). The results of 
research on full fertilization and soil tillage carried out on 
soybean following paddy rice in East and South Lombok 
also showed no difference in soybean productivity 
between fully fertilized soybean plants and those without 
fertilization, and grain yields were low in all treatments, 
with the highest averages of 1.29 ton/ha in Sengkol and 
1.48 ton/ha in Keruak (Adisarwanto et al., 1992). 


The results of experiments in vertisol soil showed that 
soybean plants grown following paddy rice were very 
responsive to inoculation with Arbuscular Mycorrhizal 
Fungi (AMP), especially following rice crop grown under 
conventional (flooded) systems (Wangiyana and Farida, 
2019; Wangiyana ef al., 2019). Without application of 
biofertilizers containing AMF, soybean plants grown 
following conventional paddy rice resulted in very low 
productivity, while those following rice grown under SRI 
(System of Rice Intensification) technique, soybean 
productivity was significantly higher even though without 
application of the AMF biofertilizer (Wangiyana et al., 
2019). 


In addition to drought conditions as the constraints for 
growing upland crops such as soybean and mungbean 
during the dry seasons following flooded rice, changing 
rice land from inundated to dry conditions can 
significantly reduce the availability of P nutrients for non- 
rice crops (Muirhead and Humphreys, 1996). In addition, 
after the use of land for growing flooded rice 
(conventional rice), especially after the second cycle of 
rice crop, the population of AMF becomes very low due to 
flooding even though rice is actually also a host plant for 
AMF (Ilag et al., 1987; Wangiyana et al., 2006, 2016). 
Soybean plants are also hosts for AMF, and soybean is 
classified as having a high degree of dependence on 
symbiosis with AMF (Anderson and Ingram, 1993). 
Soybean plants also require symbiosis with Rhizobium 
bacteria (Meghvansi and Mahna, 2009; Subramanian et al., 
2011). 


This study aimed to examine the residual effects of 
growing red rice under various techniques, including 


www.aipublications.com 


Vol-4, Issue-5, Sep-Oct, 2020 
https://dx.doi.org/10.22161/ijhaf.4.5.2 
ISSN: 2456-8635 





conventional and aerobic irrigation systems either in 
monocropping or additive intercropping with peanut, and 
application of various organic wastes to the rice plants on 
growth and yield components of soybean direct-dibbled 
following harvest of the red rice plants during the dry 
season. 


Il. MATERIALS AND METHODS 


The field experiment in this study was conducted on paddy 
field in Beleke village of West Lombok, Indonesia 
(116°7°54” E; 8°39°29” S), from August to November 
2019. The experiment for the red rice grown preceding this 
soybean was designed according to Split Split-Plot design 
consisting of three blocks, testing three treatment factors, 
i.e. techniques of rice cultivation as the main plot factor 
with four treatments (T1= conventional rice, T2= aerobic 
rice on raised-beds (ARR) without intercropping, T3= 
ARR _additive-intercropped with peanut, T4= ARR 
additive intercropped with peanut and thin covered with 
rice straw mulch), row patterns of rice planting as the sub- 
plot factor with three treatments (R1= normal or single 
row, R2= double-row, R3= triple row), and application of 
organic wastes on the bed surface as the sub-subplot factor 
with four treatments (LO= without organic waste, L1= with 
rice husks, L2= with rice husk ash, L3= with rice husk ash 
and cattle manure). However, the residual effects of these 
treatment factors applied to the red rice on soybean direct- 
seeded without tillage following harvest of the red rice are 
reported here only on the double-row pattern (R2) of the 
red rice plants. 


Before dibbling soybean seeds (Deja-1 variety 
supplied by the “Balitkabi” research center in Malang, 
East Java, Indonesia, after harvest of the red rice, the 
surface of the raised-beds and plots of the conventional 
rice were cleaned from weeds. Rice stubbles were cut near 
the raised-bed surface. When done, soybean seeds were 
dibbled in the base of the rice stubbles by burying 3-4 
soybean seeds, which are then thinned at 10 days after 
seeding (DAS) to allow only two young soybean plants to 
grow until harvest date. Thinning was immediately 
followed with fertilization of the soybean plants using 
Phonska (NPK 15-15-15) fertilizer with a dosage of 200 
kg/ha or 1.0 g/clump (based on 25x20 cm planting 
distances). The entire procedures for growing the red rice 
were explained in Dulur et al. (2019). Other maintenance 
for the soybean plants in the field included weeding at 3 
and 6 weeks after planting (WAP), and pest control 
especially after pod setting using a systemic insecticide 
(Virtako 300 SC). 


Page | 190 


International journal of Horticulture, Agriculture and Food science(IJHAF) 


Open Access 


The observation variables included growth variables 
(plant height and leaf number at 2, 4, 6 and 8 WAP, 
average growth rate (AGR) of plant height, and dry stover 
weight), and yield components (pod number, grain 
number, weight of 50 grains, grain yield, and harvest 
index). Data were analyzed with analysis of variance 
(ANOVA) and Tukey’s HSD at 5% level of significance, 
using CoStat for Windows ver. 6.303. Correlation analysis 
was done using Minitab for Windows Rel. 13. 


HI. RESULTS AND DISCUSSION 


The summary of ANOVA results in Table 1 shows that 
between the two treatment factors tested, the techniques of 
growing the preceding red rice had more significant effects 
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on growth and yield components of soybean following the 
red rice compared with the application of organic wastes to 
the preceding red rice crop. However, there was no 
significant interaction effects of the treatments applied to 
the preceding red rice crop on all growth variables and 
yield components of the soybean plants direct seeded 
following harvest of the red rice. In relation to yield 
components, both the treatment factors applied to the 
preceding red rice crop had significant residual effects on 
grain number and grain yield per clump of soybean direct 
seeded following harvest of the red rice crop. Both 
treatment factors also had a significant effect on the 
number of green leaves per clump at 8 WAP, which also 
showed a positive significant correlation with both grain 
number and grain yield per clump (Table 2). 


Table 1. Summary of the effects of cultivation techniques and organic waste application to the preceding red rice crop on 


growth and yield components of soybean direct-seeded in the rice stubbles following harvest of the red rice crop 








AGR PI i 
Treatments on G 7 ant Leaf eran Dry stover Weight of Grain Harvest 
ne ees plant height 8 number number K i ; i 
cultivation of the i number 8 weight 50 grains yield index 
fecedin@ricecrap) A a ar per (g/clump)  (@)  (g/clump) (%) 
P E P (cm/day) (cm) clump clump P £ P ° 
Rice cultivation techniques (T): 
T1: tional 
ea convene" 1.53b 795c 94b 260a 676c 2037a 736a 989d 33.0c? 
T2: aerobic rice 
(AR) 1.64 a 84.3 b 10.2ab 28.5a 82.8 b 19.08 a 7.31a 12.03 c 38.8 b 
T3: AR+peanut 1.64a 87.9 a 10.4ab 296a 106.3 a 17.28 a 718 a 15.22b 47.la 
T4: 
1.60 a 84.7 b 10.8 a 294a 114.7a 20.17 a 7.68 a 17.57a 46.8a 
AR+peanut+mulch 
HSD 5% 0.07 2.7 1.2 12.2 ns ns 1.85 5.4 





Organic waste application to 
rice (L): 


LO: without org 


1.60 a 84.3 a 9.4 b 27.0 b 


88.3 b 17.84 a 7.31a 12.89c 417a 





waste 

L1: rice husks 1.57 a 82.8 a 10.1 ab 28.3 ab 92.7 ab 20.63 a 7Ala 13.63 be 39.7 a 

L2: rice husk ash deza 84.6a 106a 286a 93.7ab 1949a 735a 13.74ab 41.0a 

(RHA) 

Li Ria Cae ge -CAFe Wss BOTe S664 1805 Tir Ha Hia 

manure 

HSD 5% ns ns 0.9 5.4 ns ns 0.77 ns 
Interaction effects ns ns ns ns ns ns ns ns 





D Mean in each column with same letters indicates non-significant differences between levels of a treatment factor 


Note on ANOVA results: ns = non-significant; s = significant (p-value < 0.05) 
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Table 2. Multiple correlation among selected observation variables of soybean direct-seeded following harvest of the 


preceding red rice crop treated with different cultivation techniques and application of various organic wastes 








Selected observation Plant height Leaf number Pod number Grain number Dry eae Grain yield 
variables at 8 WAP at 8 WAP per clump per clump pey per clump 
Leaf number at 8 WAP 0.221 
p-value 0.132 
Pod number per clump 0.301 0.564 
p-value 0.038 0.000 
Grain number per clump 0.500 0.561 0.753 
p-value 0.000 0.000 0.000 
Dry stover weight per 
clump -0.093 0.280 0.110 -0.048 
p-value 0.531 0.054 0.456 0.749 
Grain yield per clump 0.456 0.576 0.718 0.988 -0.008 
p-value 0.001 0.000 0.000 0.000 0.958 
Harvest index (%) 0.433 0.299 0.537 0.822 -0.593 0.803 
p-value 0.002 0.039 0.000 0.000 0.000 0.000 





Among the observation variables (excluding grain 
number per clump), harvest index had significant 
correlation coefficients with grain yield per clump (Table 
2), with a correlation coefficient r = + 0.803 (p-value 
<0.001). This means that higher harvest index is related to 
higher grain yield of the soybean crop direct-seeded 
following harvest of the preceding red rice crop. Although 
dry stover weight of soybean following rice was not 
significantly different between techniques of rice 
cultivation, dry stover weight had a negative and 
significant correlation coefficient with harvest index, 
which means that higher harvest index corresponds to 
lower dry stover weight. Since dry stover weight is the 
remaining weight of soybean biomass that could not be 
transferred to the growing seeds for grain yield, then this 
negative correlation could mean that from the same initial 
biomass weight, higher harvest index will result in higher 
grain yield and lower dry stover weight due to higher 
proportion of the initial biomass that was partitioned to the 
growing seeds. According Sinclair and de Wit (1975), 
soybean, among seed plants, requires the highest amount 
of N per gram photosynthate required by the growing 
seeds, and this properties will force soybean to remobilize 
N from leaves to the growing seeds which could result in 
faster senescence of the green leaves during the seed- 
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filling stages if N-supplying capacity of the root system is 
not sufficient. 


It can also be seen from Table 2 that grain yield per 
clump also had a significant positive correlation (r= 
+0.576) with leaf number per clump at 8 WAP, which was 
the total number of the leaves that were still green per 
clump 8 WAP, which was in the middle of seed-filling 
stage of this soybean variety (Deja-1). This correlation 
indicates that higher grain yield per clump was supported 
by higher leaf number per clump at 8 WAP, which also 
means higher size of the source and higher photosynthate 
supplying capacity of the source (leaves) for the growing 
seeds, which resulted in higher grain yield per clump at 
maturity. 


Since photosynthate supplying capacity depends on 
N-supplying capacity of soybean plants during seed-filling 
stage (Sinclair and de Wit, 1975), then for higher yield, 
soybean plants will also need soils with higher N- 
supplying capacity. From Table 1, it can be seen that grain 
yield of soybean, as well as harvest index, grain number 
and leaf number per clump at 8 WAP, was significantly 
affected by the techniques of growing the preceding red 
rice crop, and the higher grain yields of soybean 
correspond to higher harvest indices, higher grain number 
per clump, and higher leaf number per clump at 8 WAP. 
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In relation to the treatments applied to the preceding 
red rice crop in this study, Table 1 shows that the highest 
grain yield per clump (17.57 g/clump) is on soybean plants 
direct-seeded following red rice grown under aerobic 
irrigation systems intercropped with peanut on raised-beds 
thin covered with rice-straw mulch (T4), followed by 
soybean plants (15.22 g/clump) direct-seeded following 
red rice grown under aerobic irrigation systems 
intercropped with peanut on raised-beds but without mulch 
application (T3), compared with grain yield only 9.89 
g/clump on soybean plants direct-seeded following 
conventional rice; and the differences are significant. 


The higher grain yield of soybean in T4 and T3 
raised-beds, i.e. soybean direct-seeded following aerobic 
rice intercropped with peanut, compared with those 
following conventional rice was most probably due to the 
N-supplying capacity of the soil in T4 and T3 raised-beds 
because the preceding red rice crops were grown in 
intercropping with peanut in aerobic irrigation systems. 
Legumes are capable of establishing a symbiosis with 
Rhizobium bacteria but release a substantial part of the 
biologically fixed N into the rhizosphere, ranging from 4 
to 71% (Fustec et al., 2009). Zhang et al. (2019) reported 
that N-rhizodeposition from peanut roots was averaged 
35.7 kg/ha, which was available for uptake by wheat in a 
peanut-wheat rotation in China. According to results 
reported by Inal et al. (2007), intercropping maize with 
peanut significantly increased the availability of various 
macro nutrients in the rhizosphere of the intercrop 
compared with in the rhizosphere of each crop in 
monocrop. In addition, Lu et al. (2019) also reported that 
intercropping with peanuts in young tea plants 
significantly improved soil conditions in the following 
years due to increased nutrient contents in the soil, such as 
available N, Mg and exchangeable-Ca, compared with in 
the soil of monocropped crop, in addition to increases in 
soil organic matter, soil pH and populations of rhizosphere 
fungi and bacteria, but reduced levels of exchangeable-Al. 


In addition to the significant effects of cultivation 
techniques applied to the preceding red rice crop, 
application of various organic wastes to the preceding red 
rice crops also significantly affected grain yield of soybean 
direct-seeded following harvest of the red rice crop (Table 
1), in which grain yields, as well as grain number, pod 
number and leaf number per clump at 8 WAP, were higher 
on soybean direct-seeded following the red rice crops 
amended with rice husk ash + cattle manure (L3) or rice 
husk ash only (L2), when compared to without organic 
waste amendment (LO). In relation to these effects, Sari 
(2015) also reported that rice husk charcoals as well as 
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fresh rice husks have the ability to suppress weed growth 
when compared to without the application of rice husk 
charcoal and fresh rice husks. 


Although there was no significant interaction effects 
between the two treatment factors applied to the 
cultivation preceding red rice crop, it can be seen from Fig. 
1 that amendment of the red rice crops either only with 
rice husk ash or with rice husk ash and cattle manure 
significantly increased grain yield of soybean direct- 
seeded following the preceding red rice crops cultivated on 
the permanent raised-beds in intercropping with peanut 
(both T3 and T4) or following conventional rice (T1), 
except following the aerobic rice on raised-beds without 
intercropping with peanut (T2). 
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Fig. 1. Average (Mean + SE) grain yield (g/clump) of 
soybean direct-seeded without tillage following red rice 
crop of different cultivation techniques amended with 
various organic wastes 


This indicated the advantages of intercropping rice 
with peanut under aerobic irrigation system on permanent 
raised-beds compared with the conventional technique or 
application of rice husk ash or rice husk ash and cattle 
manure to the preceding rice crop on growth and grain 
yield of soybean direct-seeded following the red rice crop. 
This resulted in the highest average (18.43 g/clump or 3.69 
ton/ha) grain yield of soybean direct seeded following T4 
rice growing technique amended with rice husk ash and 
cattle manure, compared with only an average of 8.54 
g/clump (or 1.71 ton/ha) on soybean direct-seeded 
following the conventional rice without amendment with 
organic wastes. 


IV. CONCLUSION 


It can be concluded that growth and yield components of 
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soybean direct-seeded without tillage following rice crops 
can be significantly improved by growing rice under 
aerobic irrigation systems in intercropping with peanut 
instead of growing rice under conventional technique. 
Grain yield was highest (18.43 g/clump or 3.69 ton/ha) on 
soybean plants direct-seeded following aerobic rice grown 
on permanent raised-bed intercropped with peanut thin 
covered with rice straw mulch (T4) and amended with rice 
husk ash and cattle manure (L3), and lowest (8.54 g/clump 
or 1.71 ton/ha) on soybean plants direct-seeded following 


conventional rice (T1) without application of organic 
wastes (LO). 
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